Introduction.-The complex n a t u r e of t h e photothermal conversion of s o l a r energy, which involves on one s i d e t h e c o l l e c t i o n and t h e absorpt i o n of s u n l i g h t and on t h e o t h e r s i d e i t s transformation i n t o u s e f u l energy, r e q u i r e s m a t e r i a l s with c a r e f u l l y optimized p r o p e r t i e s i n o r d e r t o account f o r t h e low d e n s i t i e s of s o l a r f l u x e s , i f economic f e a s i b il i t y i s going t o be a t t a i n e d . Design i n g e n i o s i t y of t h e s o l a r devices w i l l play an important r o l e i n making t h e b e s t use of t h e s p e c i f i c char a c t e r i s t i c s of a given m a t e r i a l .
The f a c t o r s which a f f e c t t h e q u a l i t y of a s o l a r c o l l e c t o r a r e ess e n t i a l l y c o s t , thermal performance and d u r a b i l i t y . Experience of the l a s t y e a r s has shown t h a t t h e r e may e x i s t sometimes a l a c k of s e n s i t iv i t y on how t h e s e f a c t o r s i n t e r a c t and on how m a t e r i a l p r o p e r t i e s i n f l uence them.
A simple model introducing t h e s e t h r e e f a c t o r s i s nresented. From t h i s model t h e i n f l u e n c e of c e r t a i n m a t e r i a l c h a r a c t e r i s t i c s such a s t h e a b s o r p t i v i t y -e m i s s i v i t y of t h e absorber, t h e o p t i c a l p r o p e r t i e s of t h e
t r a n s p a r e n t cob-er and t h e r e f l e c t i v e p r o p e r t i e s of low concentrating devices can be evaluated.
2 . Performance over c o s t r a t i o of a s o l a r svstem.-Considering a s o l a r c o l l e c t o r , t h e i n f l u e n c e on performance of m a t e r i a l p r o p e r t i e s can be evaluated from t h e well-known Hottel-Whillier equation, which g i v e s t h e instantaneous u s e f u l energy o u t p u t a s a d i f f e r e n c e between absorbed energy and h e a t l o s s e s : qU = u s e f u l energy o e r u n i t time (ktJ) n o = transmission-reflection-absorgtion c o e f f i c i e n t 2 Ap = a p e r t u r e a r e a (m ) 2 I = i n c i d e n t s o l a r r a d i a t i o n (kW/n ) 2 U, = g l o b a l h e a t t r a n s f e r c o e f f i c i e n t (lcT.J/m . O C )
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where C i s t h e c o n c e n t r a t i o n f a c t o r ( e u u a l t o 1 i n t h e c a s e o f a f l a t p l a t e c o l l e c t o r ) .
The i n f l u e n c e of t h e m a t e r i a l p r o p e r t i e s w i l l be f e l t e s s e n t i a l l y
through t h e c o e f f i c i e n t s no and Um which c h a r a c t e r i z e t h e energy absorpt i o n p r o c e s s e s and t h e h e a t l o s s e s . I t should be n o t e d t h a t t h e s e n s i t iv i t y of t h o s e two c o e f f i c i e n t s on t h e e f f i c i e n c y can be very i m p o r t a n t , as t h e l a t t e r i s e x p r e s s e d a s t h e d i
f f e r e n c e o f two q u a n t i t i e s . I n t h e h i g h e r temperature ranges a g a i n o r a l o s s of 10 % on e i t h e r of t h e s e c o e f f i c i e n t s , may mean a v a r i a t i o n o f 20-30 % i n t h e e f f i c i e n c y .
Unstead of t h e i n s t a n t a n e o u s v a l u e s , c o n s i d e r i n g now t h e y e a r l y u s e f u l energy [Q,] d e l i v e r e d by a s o l a r system t h e following e x p r e s s i o n d e r i v e d from e q u a t i o n (1) can be used w i t h a c e r t a i n approximation : The a v e r a z e e f f i c i e n c y ; i w i l l t h e n be :
where ? =
This equation i l l u s t r a t e s t h e f a c t t h a t t h e s e n s i t i v i t y of t h e
c o e f f i c i e n t s no and Um, i n which t h e m a t e r i a l s p r o p e r t i e s appear, does n o t change much when passing from i n s t a n t values t o y e a r l y values. I n o r d e r t o " r a t e " a s o l a r system, t h e t h r e e main f a c t o r s , t h a t i s , c o s t , thermal performance and d u r a b i l i t y , a f f e c t i n g i t s q u a l i t v , should be p u t i n evidence. This can be done by i n t r o d u c i n g a simple not i o n , t h e performance over c o s t r a t i o of t h e system i n t h e f o l l owing manner :
L J
[PCR] = u s e f u l energy d e l i v e r e d by t h e s o l a r system over c o s t (kMh/b)
= u s e f u l energy d e l i v e r e d p e r y e a r (kWh/year)
= l i f e t i m e of t h e system ( y e a r s )
[CST] = e f f e c t i v e c o s t of t h e system I n t h e e f f e c t i v e c o s t [CST] can be included such a s p e c t s a s i n f l at i o n , r a t e of i n t e r e s t , maintenance, e t c . . -m a t e r i a l s p r o p e r t i e s though q0 and Um -system's design and o p e r a t i n g conditions though F, X and Tm Such a simple e m r e s s i o n a s formula ( 5 ) i s much t o o o f t e n forgott e n when comparing d i f f e r e n t s o l a r systems between themselves o r when e v a l u a t i n g t h e improvement of a system. For i n s t a n c e , assuming t h a t a change i n m a t e r i a l s w i l l i n c r e a s e t h e u s e f u l energy d e l i v e r e d by [ A Q~] , one must make s u r e t h a t modificat
i o n s i n c o s t [ACST] o r i n l i f e t i m e [ A Y ] a r e such t h a t t h e v a r i a t i o n
[APCR] i s p o s i t i v e I n case of degradation of performance during t h e l i f e t i m e of t h e system, i n s t e a d of equation ( 5 ) , t h e following expression can be used :
where [Qu] i s t h e y e a r l y energy d e l i v e r e d a s a f u n c t i o n of time.
From t h e v a r i o u s expressions (51, ( 6 ) and (7), t h e i n f l u e n c e of various m a t e r i a l s choices e n t e r i n g i n t o t h e manufacturing of s o l a r coll e c t o r s can be assessed. 3. S e l e c t i v e s u r f a c e on absorbers.-One of t h e most e f f e c t i v e ways of improving t h e thermal performance of a s o l a r c o l l e c t o r l s p e c i a l l y i n t h e h i g h e r temperature range, say 70 -10O0C1 i s by t h e use of absorbers with a s e l e c t i v e s u r f a c e t h a t has a high a b s o r p t i v i t y i n t h e snectrum of v i s i b l e l i g h t and a low e m i s s i v i t v i n t h e i n f r a -r e d region. This low e m i s s i v i t y w i l l g r e a t l y reduce t h e r a d i a t i v e h e a t l o s s e s between t h e ahs o r b e r p l a t e and t h e t r a n s p a r e n t cover. I n t h e case of a s i n g l e g l a s s black p a i n t c o l l e c t o r , a c u r r e n t value f o r t h e g l o b a l h e a t t r a n s f e r c o e f f i c i e n t Um i s of t h e o r d e r of 7 W/m2. "C. With a s e l e c t i v e s u r f a c e t h i s value can be reduced t o 3-4 w/m2. "C.
Such s o l u t i o n s a r e only p o s s i b l e because t h e r e i s no overlapping i n t h e s p e c t r a l energy curves of s u n l i g h t and of t h e black body a t t h e considered temperature of t h e absorber p l a t e (Fig. 1 ). An i d e a l s e l e ct i v e s u r f a c e w i l l have an a b s o r p t i v i t y -e m i s s i v i t y p r o f i l e a s shown i n f i g u r e 2 with a breaking p o i n t i n t h e region of 2 . 5~. The development o f s e l e c t i v e s u r f a c e s h a s been t h e o b j e c t o f a g r e a t e f f o r t i n t h e l a s t 5 y e a r s throughout t h e world. I t i s n o t i n t h e scope of t h i s paper t o d e a l w i t h t h e v a r i o u s concepts o r d e p o s i t i o n t e c h n i q u e s such a s e l e c t r o p l a t i n g , s p u t t e r i n g , chemical, e t c . , which have been i n v e s t i g a t e d , h u t r a t h e r from an e n g i n e e r i n g p o i n t o f view t o t r y t o q u a n t i f y i n terms of performance t h e b e n e f i t s which a r e t o be expected from t h e announced p r o p e r t i e s o f a m a t e r i a l .
Many d i f f e r e n t t y p e s of s e l e c t i v e s u r f a c e s have been developed a t t h e l a b o r a t o r y b u t r e l a t i v e l y few have y7et reached wide s p r e a d i n d u s t r ia l i z a t i o n .
The most commonly used on a c e r t a i n s c a l e f o r f l a t p l a t e c o l l e ct o r s a r e t h e "black chrome", "black n i c k e l " and "ebanol s e l e c t i v e " dep o s i t s w i t h an e m i s s i v i t y i n t h e i n f r a -r e d of t h e o r d e r of 0.15.
The main problems i n t h e development o f a good s u r f a c e b e s i d e s t h e e m i s s i v i t y curve a r e r e l a t e d t o behaviour under s t a g n a t i o n t e m p e r a t u r e , l i f e t i m e , c o s t , r e l i a b i l i t y , r e p r o d u c i b i l i t y , which i s sometimes a del i c a t e p o i n t .
I n t h e c a s e o f f l a t p l a t e c o l l e c t o r s w i t h a n e f f i c i e n t s e l e c t i v e s u r f a c e , s t a g n a t i o n t e m p e r a t u r e s may exceed 200°C, c r e a t i n g d i f f i c u l t i e s f o r some s o l u t i o n s which may a c t u a l l y be a t t r a c t i v e a t o p e r a t i n g temper a t u r e around 100°C.
I n t h e h i g h e r temperature range, 300 -500°C, i n v o l v i n g s o l a r systems w i t h c o n c e n t r a t i n g d e v i c e s , cermet s e l e c t i v e f i l m s seem promising. (Fig. 4 ) . D e n t r e t e s t r u c t u r e a r e a l s o b e i n g i n v e s t i g a t e d w i t h good p r o s p e c t i v e s f o r high temperature a p p l i c a t i o n s . The method i s hased on t h e p r i n c i p l e t h a t a rough s u r f a c e composed o f a l a r q e number of s m a l l and s e p a r a t e c r y s t a l s can a c t a s a t r a p p i n q c e n t r e f o r s o l a r l i g h t , whereas t h e lonq wave i n f r a -r e d r a d i a t i o n i s n o t a f f e c t e d bv t h e s i n g l e o b s t a c l e s t h u s keep i n g i n f r a -r e d e m i t t a n c e low /2/. A s can be seen i n f i g u r e 3, i t should n o t be f o r g o t t e n , t h a t a s e l e c t i v e s u r f a c e i s never i d e a l and i n t h e v i s i b l e l i g h t spectrum i t w i l l n o t be a s good a n a b s o r b e r a s b l a c k p a i n t f o r i n s t a n c e , which can have an a b s o r p t i o n c o e f f i c i e n t up t o 0.96.
I n such f i l m s t h e p o l a r i z a t i o n of s m a l l m e t a l l i c p a r t i c l e s imbedded i n d e c l e c t r i c m a t r i x a f f e c t s t h e s~e c t r a l s e l e c t i v i t y of a b s o r p t a n c e w i t h a h i g h a b s o r p t i o n c o e f f i c i e n t i n v i s i b l e l i g h t / l /
A s a f i r s t approximation i n a f l a t p l a t e c o l l e c t o r t h e c o e f f ic i e n t n o o f e q u a t i o n ( 4 ) can be e x p r e s s e d a s t h e p r o d u c t of t h e t r a n smission c o e f f i c i e n t -c of t h e t r a n s p a r e n t cover by t h e a b s o r p t i o n coeff i c i e n t a of t h e a b s o r b e r p l a t e . 
d i a t i v e l o s s e s , l o s s e s by n a t u r a l c o n v e c t i o n and conduction w i l l s t i l l be then. From a p r a c t i c a l p o i n t of view, it means t h a t f o r non evacuat e d f l a t p l a t e c o l l e c t o r s i t i s s u f f i c i e n t t o aim f o r s e l e c t i v e s u r f aces w i t h a n e m i s s i v i t y of t h e o r d e r o f 0.15 i n t h e long wave r e g i o n .
Not much i s t o be gained by lower v a l u e s .
I n c o n c l u s i o n when p a s s i n g from a b l a c k p a i n t c o l l e c t o r t o a sel e c t i v e one t h e c o e f f i c i e n t s no and Um of e q u a t i o n ( 4 ) w i l l both be reduced by q u a n t i t i e s An0 and AUm and t h e g a i n on t h e y e a r l y t h e r m a l performance w i l l be p o s i t i v e (assuming X and C = 1) when
For low t e m p e r a t u r e a p p l i c a t i o n s , such a s swimming wool h e a t i n g , a s e l e c t i v e s u r f a c e would be c o u n t e r p r o d u c t i v e . On t h e c o n t r a r k , f o r s o l a r c o o l i n g f o r i n s t a n c e , which r e q u i r e s t e m p e r a t u r e i n t h e 90°C rangel only with a s e l e c t i v e s u r f a c e could reasonable e f f i c i e n c i e s be a ttained. I t should a l s o be noted t h a t t h e r e l a t i v e g a i n , when passing from black p a i n t go s e l e c t i v e , i n c r e a s e s when t h e l e v e l of i n s o l a t i o n decreases, meaning t h a t f o r region l i k e Europe with moderate sunshine t h e r e l a t i v e gain w i l l be more s i g n i f i c a n t than f o r d e s e r t climates.
In f i g u r e 3 t h e d a i l y averaqe e f f i c i e n c y of a s o l a r c o l l e c t o r with a s e l e c t i v e absorber has been represented f o r various values of t h e rat i o a / € ( a = absorption c o e f f i c i e n t i n t h e v i s i b l e l i g h t , E = e m i s s i v i t y i n t h e long wave region) and a f o r t h e two c a s e s A and B. Case A concerns an example of s o l a r water h e a t i n g a t 4 5 O~ f o r a very sunny day
Case B concerns an example of s o l a r cooling a t 85OC 2 f o r an average sunny day (Imax = 800W/m ) . I t can be seen f o r case A, an a p p l i c a t i o n a t r e l a t i v e l y low temnerature and s t a r t i n g with t h e p o i n t r e p r e s e n t i n g t h e black p a i n t absorber ( a = 0.95, a / € = 1) t h e r e i s litt l e t o be gained by i n c r e a s i n g t h e r a t i o a / € . Actually t h e d a i l y e f f iciency could be reduced i f t h e absorption c o e f f i c i e n t should d r o~ t o 0.8 with a/€ = 5 f o r i n s t a n c e . On t h e c o n t r a r y i n B can be observed t h a t t h e black p a i n t absorber w i l l correspond p r a c t i c a l l y t o a zero e f f i c i e n -
cy. I n o r d e r t o compensate f o r t h e reduction i n t h e absorption coeff i c i e n t of a s e l e c t i v e s u r f a c e , it can be u s e f u l t o corrugate t h e surf a c e i n o r d e r t o multiply t h e number of r e f l e c t i o n s of an i n c i d e n t beam
a s proposed by Tabor and Hollands, f i g u r e 4 . A f t e r n r e f l e c t i o n s t h e apparent absorption c o e f f i c i e n t would become :
I f a = 0.8 then a f t e r one r e f l e c t i o n a = 0.96. a The p o s s i b i l i t y of using adhesive s e l e c t i v e f o i l s g e n e r a l l y i n aluminium o r copper on v a r i o u s support m a t e r i a l s such a s metals, g l a s s , p l a s t i c s o r even wood should a l s o be mentionned. I n conclusion it can be s a i d t h a t t h e i n t r o d u c t i o n of t h e s e l e ct i v e s u r f a c e has opened a whole new f i e l d of p o t e n t i a l anwlications f o r t h e f l a t p l a t e c o l l e c t o r s i n t h e 100°C temperature range and i n t h e 200-300°C temperature range f o r c o n c e n t r a t i n g c o l l e c t o r s . S t i l l a cons i d e r a b l e e f f o r t should be p u t on t h e problems of d u r a b i l i t y and r e l i ab i l i t y of t h e s e s u r f a c e s f o r which r e l a t i v e l y l i t t l e experience i s av a i l a b l e a t t h i s time.
4. Transparent m a t e r i a l s . -Transparent m a t e r i a l s p l a y important r o l e s i n s o l a r c o l l e c t o r s . They a r e r e s p o n s i b l e f o r t h e "green house e f f e c t " by which t h e e f f i c i e n c y of c o l l e c t i n g energy can be s u b s t a n t i a l l y increased. They a l s o have o f t e n important s t r u c t u r a l f u n c t i o n s . They must be a b l e t o withstand extreme atmospheric conditions from wind, r a i n , snow, temperature, h a i l , u l t r a v i o l e t , e t c . . . I n t h e case of evacuated c o l l e c t o r s , they can be submitted t o considerable f o r c e s due t o pressur e d i f f e r e n c e s . I n conclusion n o t only t h e i r o p t i c a l p r o p e r t i e s , b u t a l s o t h e i r mechanical c h a r a c t e r i s t i c s should be considered.
The most common u t i l i z a t i o n i s t h a t of t h e t r a n s p a r e n t cover f o r a f l a t p l a t e c o l l e c t o r . Prom a thermal e f f i c i e n c y l~o i n t of view t h e e s s e n t i a l o p t i c a l property w i l l be t h e g l o b a l transmission c o e f f i c i e n t T of t h e cover, which e n t e r s i n t o t h e expression of no i n equation ( 4 ) .
However i t should n o t be f o r g o t t e n , t h a t t h e value of t h e g l o b a l h e a t t r a n s f e r c o e f f i c i e n t Um i s a l s o influenced by t h e e m i s s i v i t y of t h e mat e r i a l . A s f a r a s t h e thermal performance i s concerned, t h e m a t e r i a l p r o p e r t i e s should be evaluated i n t h e following p o i n t s :
-t h e F r e s n e l r e f l e c t i o n -t h e energy a b s o r~t i o n through t h e m a t e r i a l -t h e e m i s s i v i t y i n t h e long wave region.
Because of t h e F r e s n e l r e f l e c t i o n , t h e transmission of t h e v i s ib l e l i g h t decreases r a p i d l y f o r angles of incidence s u p e r i o r t o 45', reducing t h e d a i l y o u t p u t of a f i x e d c o l l e c t o r t h e p o s i t i o n of which i s
g e n e r a l l y optimized f o r sun a t z e n i t h (Fig. 5) .
TRANSMITTANCE
Fig. 5.-Transmittance of g l a s s "ver-ANGLE OF INCIDENCE SUS" angle of incidence A t normal incidence t h e transmission ' r (0) of N t r a n s p a r e n t co-F ,N v e r s with an r e f r a c t i v e index n due t o t h e F r e s n e l r e f l e c t i o n , can be represented by t h e expression :
showing t h a t the transmission decreases when t h e index i n c r e a s e s . For i n s t a n c e i n t h e case of two g l a s s covers with an index of 1.53, ~~~~( i s equal t o 0.84.
The c o e f f i c i e n t of absorption T~, w i t h i n t h e m a t e r i a l i s represent e d by Bouger's law R i s t h e e x t i n c t i o n c o e f f i c i e n t which can vary from 0.04/cm f o r an exc e l l e n t g l a s s t o 0.32/cm f o r a poor g l a s s : L i s t h e a c t u a l path of rad i a t i o n through t h e medium. Glass with a high i r o n c o n t e n t w i l l show a s i g n i f i c a n t absorption (Fig. 6 ) . T, equal t o 0.87, t h e combined e f f e c t of t h e absorption and F r e s n e l ref l e c t i o n leading t o a g l o b a l value of t h e transmission c o e f f i c i e n t of 0.73.
The "green house" e f f e c t i s based on t h e f a c t t h a t g l a s s and many p l a s t i c m a t e r i a l s a r e n o t t r a n s p a r e n t i n t h e long wave region, figur e 7, a p r o p e r t y which w i l l l i m i t t h e r a d i a t i v e l o s s e s from t h e absorber.
TRANSMITTANCE %
ll-WAVE LENGTH (microns)
Fig. 7.-Transmittance of g l a s s and mylar
JOURNAL DE PHYSIQUE I n t h i s region t h e m a t e r i a l s w i l l behave l i k e grey, almost black bodies, with an absorption c o e f f i c i e n t of t h e o r d e r of 0.9. Further g a i n i n r e sp e c t t o t h e green house e f f e c t i s t o be gained by decreasing t h e absorpt i o n and i n c r e a s i n g t h e r e f l e c t i v i t y i n t h e i n f r a -r e d .
I t should be noted t h a t some t r a n s p a r e n t m a t e r i a l s l i k e polythene remain t r a n s p a r e n t i n t h e i n f r a -r e d , a property which can be used f o r cooling a p p l i c a t i o n s .
I n conclusion, t h e o p t i c a l p r o p e r t i e s of conventional t r a n s p a r e n t m a t e r i a l can be improved i n t h e a r e a s which have j u s t been mentioned.
A few examples a r e given.
C.K. Hsich and R.W. Coldeweg /5/ s t u d i e d a n a l y t i c a l l y t h e r a d i at i v e p r o p e r t i e s of a n t i r e f l e c t i o n g l a s s f o r f l a t p l a t e s o l a r c o l l e c t o r covers. They considered soda-lime s h e e t g l a s s e s covered with 0.087um t h i c k IlgF2 coatings. They showed t h a t t h e transmittance of t h e a n t i r ef l e c t i o n c o a t i n g i s a complicated f u n c t i o n of t h e r e f r a c t i v e i n d i c e s of t h e c o a t i n g and t h e s u b s t r a t e , c o a t i n g t h i c k n e s s , wavelength and i n c ident angle. The t r a n s m i t t a n c e cannot be maximized a t a l l angles f o r a s i n g l e value of t h e c o a t i n g t h i c k n e s s , b u t however t h e i r r e s u l t s showed t h a t an o p t i m i z a t i o n c a r r i e d o u t f o r normal incidence w i l l a l s o lead t o a s u b s t a n t i a l r e d u c t i o n i n r e f l e c t i o n l o s s e s a t l a r g e incidence angles. S. C a t a l a n o t t i e t a l . /6/ i l l u s t r a t e d t h e p o s s i b i l i t y of increas i n g r a d i a t i v e cooling t o t h e sky by using s e l e c t i v e s u r f a c e with o p t ic a l p r o p e r t i e s matched t o t h e atmospheric window 8-13 urn. The s e l e c t i v e r a d i a t o r was made by c o a t i n g a s h e e t of evaporated aluminium with a t h i n f i l m ( 1 2 um) of Tedlar, a p o l y v i n y l -f l u o r i d e ~l a s t i c , leading t o t h e r ef l e c t i v i t y curve shown i n f i g u r e 8.
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Fig. 8.-R e f l e c t i v i t y of s e l e c t i v e r a d i a t o r
The t r a n s p a r e n t cover was made of a t h i n f i l m (QJ 10 llm) of polyethylene which, c o n t r a r y t o g l a s s i s t r a n s p a r e n t t o t h e long wave r a d i a t i o n . I t should be noted t h a t with such a system a cooling e f f e c t can a&so be obtained during t h e day.
The g l o b a l e m i s s i v i t y c o e f f i c i e n t E between t h e absorber p l a t e g and t h e t r a n s p a r e n t cover can be expressed a s a function of t h e i r r e sp e c t i v e e m i s s i v i t i e s and
: E 1 ( f o r i n f i n i t e p a r a l l e l planes) g
This expression shows t h a t t h e same e f f e c t w i l l be obtained by reducing t h e e m i s s i v i t y of t h e cover p l a t e a s was obtained by reducinq t h e e m i s s i v i t y of t h e cover p l a t e a s was obtained bv reducing t h e emiss i v i t y of t h e absorber s u r f a c e . The advantage of p u t t i n g s p e c i a l coat i n g s on t h e t r a n s p a r e n t cover r a t h e r than on t h e absorber s u r f a c e l i e s i n f a c t t h a t under s t a g n a t i o n c o n d i t i o n s t h e t r a n s p a r e n t cover w i l l remain a t much lower temperatures t h a n t h e absorber p l a t e and t h e c o a t i n g s w i l l be l e s s endangered. Inconveniences could d e r i v e from a l o s s i n t h e transmission of l i g h t i f i t were t o be s u p e r i o r t o t h e reduction of abs o r p t i o n i n t h e case of a s e l e c t i v e s u r f a c e .
I t should be noted from equation (12) t h a t t h e r e i s l i t t l e sense i n having both a s e l e c t i v e cover and a s e l e c t i v e absorber, a s t h e glob a l e m i s s i v i t y E i s always i n f e r i o r t o t h e smaller of t h e two emissig v i t i e s and E~. I f e i t h e r o r c 2 a r e a l r e a d y i n t h e o r d e r of 0.15, t h e supplementary gain i n performance by rendering t h e o t h e r s u r f a c e s e l e c t i v e w i l l not be compensated by t h e overcost.
A t t h e CENG (Centre dlEtudes Nucleaires de Grenoble) v a r i o u s ref l e c t i v e c o a t i n g s i n t h e i n f r a -r e d f o r t r a n s p a r e n t covers have been developed /7/. The b e s t r e s u l t s seem t o have been obtained with indium oxyde doped w i t h t i n and w i t h Sn02 t h i n f i l m s doped w i t h f l u o r .
I n t h e f i r s t case t h e transmission i n t h e v i s i b l e range of s e l e ct i v e g l a z i n g i s 88 %, t h e e m i s s i v i t y i s approximatively equal t o 0.1 f o r d e~o s i t e d t h i c k n e s s of about 4200 fl. Pure Sn02 f i l m s a r e obtained by t r e a t i n g s o l u t i o n of d i b u t y l t i n d i a c e t a t e i n a c e t y l a c e t o n e o r stann i c c h l o r i d e i n methanol: The i n f l u e n c e of d e p o s i t i o n temperature on t h e e l e c t r i c a l r e s i s t i v i t y and t h e o p t i c a l p r o p e r t i e s of t h e f i l m s were studied.
For t h e d e p o s i t i o n of f l u o r doped Sn02 t h i n f i l m s t h e b e s t r e s u l t s a r e obtained f o r a F/Sn atomic r a t i o i n t h e s o l u t i o n e a u a l t o 25 %. Add i t i o n a l l y , t h e n a t u r e of t h e g l a s s i s very i n p o r t a n t and t h e b e s t phys i c a l p r o p e r t i e s of f l u o r SnOZ t h i n f i l m s a r e obtained when t h e g l a s s s u b s t r a t e i s f i r s t l y coated, with a Si02 t h i n film. The transmission i n t h e v i s i b l e range i s 85 % and e m i s s i v i t y i s approximatively e q u a l t o 0.2. 4.1. EI_oIey_cc+_s.-By i n s e r t i n g "honeycomb" s t r u c t u r e s , a l s o c a l l e d Francia s t r u c t u r e s , made of t r a n s p a r e n t m a t e r i a l s , between t h e absorber p l a t e and t h e t r a n s p a r e n t cover, both t h e h e a t l o s s e s due t o r a d i a t i o n and n a t u r a l convection a r e reduced i n s i g n i f i c a n t proportions (Fig. 9 ) .
But due t o absorption of l i g h t i n t h e s e t r a n s p a r e n t s t r u c t u r e s , s p e c i a ll y a t i n c l i n e d i n c i d e n t a n g l e s , t h e t r a n s m i t t a n c e absorptance c o e f f ic i e n t i s a l s o reduced, l e a d i n g t o an o v e r a l l e f f e c t which i s certainl!? p o s i t i v e b u t not a s high a s could have been expected from t h e reduction of h e a t l o s s e s . These devices have been t h e o b j e c t of a g r e a t d e a l of i n v e s t i g at i o n /8-11/.
E i t h e r p l a s t i c o r g l a s s s t r u c t u r e s have been used. I n t h e case of p l a s t i c s they should be a b l e t o withstand s t a g n a t i o n temperature which may be s u p e r i o r t o 150'~. I n t h e case of g l a s s they should he suff i c i e n t l y t h i n i n o r d e r n o t t o occupy more than a few p e r c e n t s of t h e absorber' S area.
The r a d i a t i v e l o s s e s a r e reduced because of a remission i n t h e i n f ra-red spectrum, from t h e c e l l u l a r s t r u c t u r e towards t h e absorber +ate. The governing f a c t o r i s t h e s o l f d l a n g l e f r o m w h i c h t h e s u n i s seen a t t h e bottom of t h e s t r u c t u r e . The higher t h e r a t i o R ( h e i g h t of t h e c e l l ) over d (diameter of t h e c e l l ) , t h e more pronounced t h e e f f e c t .
But due t o absorption of l i g h t t h e o?timum r a t i o R/d i s s i t u a t e d around 4 t o 5.
The reduction of convective l o s s e s has a l s o been s t u d i e d extens i v e l y by K.G.T. Hollands who used polyethylene c e l l s i n o r d e r t o e l iminate t h e back r a d i a t i o n e f f e c t . Hollands measured t h e Nusselt n a b e r a s a function of t h e Rayleigh number f o r d i f f e r e n t values of t h e r a t i o R/d and of t h e i n c l i n a t i o n angle of t h e c e l l s .
The thermal perfornance of a c o l l e c t o r with a honeycomb i s about e q u i v a l e n t t o t h a t of a c o l l e c t o r with a good s e l e c t i v e s u r f a c e .
. 2 . Fresnel lenses.-
F r e s n e l l e n s e s , by which s o l a r energy i s concent r a t e d on a p o i n t o r on a l i n e , may p r e s e n t c e r t a i n advantages overmirr o r s a s c o n c e n t r a t i n g devices. Among t h e s e advantages one can mention good outdoor l i f e , l e s s s t r i n g e n t dimensional accuracy requirements and a smaller o p t i c a l a r e a f o r a given a p e r t u r e . A P r e s n e l l e n s i s e s s e n t ia l l y a t h i n p l a t e r e p r e s e n t a t i o n of a conventional l e n s . The s u r f a c e curvature of t h e conventional plano-convex l e n s i s d u p l i c a t e d on an incremental s c a l e (Fig. 1 0 ) . -a l i n e a r F r e s n e l l e n s where t h e f a c e t s a r e s t r a i g h t and n a r a l l e l , gen e r a l l y f o r photothermal a p p l i c a t i o n s -a c i r c u l a r Fresnel l e n s where t h e f a c e t s r a d i c a t e i n c i r c l e s about t h e c e n t e r , g e n e r a l l y f o r p h o t o v o l t a i c designs. V a t e r i a l s used i n such l e n s e s must be h i g h l y t r a n s p a r e n t t o t h e s u n ' s energy, have low o p t i c a l d i s p e r s i o n and he dimensionally s t a b l e . Cast a c r y l i c m a t e r i a l s seems a promising m a t e r i a l f o r such a p p l i c a t i o n s , s u p e r i o r t o molding o r e x t r u s i o n techniques /12/.
I t has been shown t h a t some f u r t h e r imnrovement i n s o l a r concent r a t i o n c h a r a c t e r i s t i c s over t h e f l a t l e n s can be obtained with base curvature.
Besides s o l a r c o l l e c t o r s it should n o t he f o r g o t t e n , t h a t s o l a r s t i l l s r e p r e s e n t an extremely v a s t a r e a of a p p l i c a t i o n s f o r transnar e n t m a t e r i a l s . I f t h e technology of g l a s s has remained b a s i c a l l v t h e same, t h e technology of p l a s t i c s i s i n e v o l u t i o n with t h e i n t l i f e t i m e of a t l e a s t 15 years. A g r e a t e f f o r t i s being made i n various n a t i o n a l and i n t e r n a t i o n a l s o l a r programmes (European Commission, I n t e rn a t i o n a l Energy Agency, e t c . ) t o s e t up a coherent methodology f o r t h e determination of t h e d u r a b i l i t y and r e l i a b i l i t y of s o l a r components. Important d i f f i c u l t i e s w i l l have t o be overcome and one has t o accept t o face what w i l l be a r a t h e r slow process which w i l l be feeding i t s e l f on acquired experience a s it goes along. Of course, one of t h e f i r s t problems d e a l s with t h e d i v e r s i t v of climates. The ageing process of a s o l a r c o l l e c t o r w i l l not be the same i n a s a l i n e maritime climate a s i n a h o t t o r r i e d climate o r i n an i n d u s t r i a l a r e a with corroding agents i n the atmosphere. Another d i f f i c u l t y d e a l s with t h e i n t e r a c t i o n s between t h e various m a t e r i a l s which make up a s o l a r c o l l e c t o r o r a sol a r system. I t i s n o t s u f f i c i e n t t o study s e n a r a t e l y t h e behaviour of a material. Design concepts and extreme onerating conditions of the whol e system can have a strong influence. S i t u a t i o n s a r i s i n g from stagnat i o n of t h e coolant i n maximum i n s o l a t i o n conditions with eventual boil i n g must be foreseen. I n t e r n a l corrosion due t o decomposition of cool a n t s such a s glycols, o r galvanic corrosion have shown i n some c a s e s t o c r e a t e i r r e v e r s i b l e damages i n a few weeks /13, 1 4 / .
Another a s p e c t of t h i s methodology concerns the c o r r e l a t i o n hetween accelerated ageing t e s t s and a c t u a l ageing i n r e a l conditions and a l s o the c o r r e l a t i o n between indoor t e s t s ( c l i m a t i c chambers, s o l a r simulators, e t c . ) and outdoor t e s t s . R u n n i n~ a t e s t programme over the long outdoor neriod normally required would r e n r e s e n t an unaccentable burden and delay both f o r t h e manufacturers and t h e users. So accelerat e d ageing t e s t s a r e a necessity, but i t i s c l e a r t h a t t h e v a l i d a t i o n of such t e s t s w i l l take time.
For instance when studying the influence of accumulated W on sol a r m a t e r i a l s l i k e p l a s t i c s , p a i n t s , s e l e c t i v e surfaces, e t c . , an accel e r a t e d ageing e f f e c t can be obtained with s o l a r concentrators, but t h e maximum acceptable concentration r a t i o i s unclear. I t i s generally recognized t h a t f o r r a t i o s su?erior t o 1 0 , d e t e r i o r a t i o n phenomena can take place which have nothing t o do with the r e a l case.
A t the J o i n t Research Centre of I s p r a s t u d i e s have s t a r t e d on t h e various problems r e l a t e d t o d u r a b i l i t y and r e l i a b i l i t y i n t h e framework of t h e Programme ESTI (European Solar Test I n s t a l l a t i o n ) , which w i l l encompass both indoor and outdoor f a c i l i t i e s . Sequences of q u a l i f i c a t i o n t e s t s a r e being s t u d i e d by G. Riesch (thermal shocks, dry and wet s t acpation, r e s i s t a n c e t o loads, W r a d i a t i o n s , e t c . ) , /15-l$/.
Another approach which i s being i n v e s t i g a t e d a t the JRC i s t h e use of t h e instantaneous e f f i c i e n c y curve of a c o l l e c t o r a s d i a g n o s t i c f o r the degradation processes. Considering the various cases represent e d i n t h e f i g u r e 11 one can t r y t o r e l a t e a reduction i n e f f i c i e n c y t o i t s cause ( l o s s of transparency of t h e t r a n s p a r e n t cover o r d e t e r i o r at i o n o r t h e s e l e c t i v e s u r f a c e f o r i n s t a n c e ) . 
.
Conclusion. -The development of new m a t e r i a l s o r improved m a t e r i a l s f o r s o l a r a p p l i c a t i o n s i s t h e o b j e c t of a g r e a t e f f o r t a t t h e laborator y l e v e l . The t r a n s p o s i t i o n of t h i s a c t i v i t y t o t h e i n d u s t r i a l s t a g e w i l l r e q u i r e a c a r e f u l e v a l u a t i o n of t h e g o a l s t o be reached. S p e c i f i c a p p l i c a t i o n s f o r which they a r e conceived should be c l e a r l y derined. Problems r e l a t e d t o mass production, r e d u c t i o n of c o s t s , l i f e t i m e and r e l i a b i l i t y must be taken f u l l y i n t o account a t an early stage. by C a t a l a n o t t i , S. e t a l . , Sol-Energy 1 7
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